Introduction

32
Gastroesophageal reflux disease (GERD) is the most common outpatient properties of alginate rafts are the standardized rheometer geometries and measurement protocols 99 from which alginate raft structure-property relationships may be defined and directly compared 100 with existing alginate hydrogel rheometry studies.
101
A protocol for in vitro raft formation and shear rheometry testing is developed here to 102 characterize isolated alginate rafts formed from liquid alginate antacid product. sample unloading also confirms a lack of wall slip. There was no evidence of significant solvent 182 evaporation during the rheometer tests, which lasted a total of 30 minutes.
Results
185
The shear stress response of un-aged alginate rafts formed in solutions with varying pH is limiting value, G0', was approximated as G'(γ = 0.1%), which is reported in Table 2 .
191
Additionally, the curves for each solution displayed a critical value of applied strain where G'
192
and G' were approximately equal, reported in Table 2 as γc. As seen in Fig. 2 and reduced values of γc compared to rafts formed in less acidic solutions.
195
The strain sweep rheometer tests displayed in Fig. 2 in Solution C (pH 1.3, Fig. 3c ) before decreasing at higher (Fig. 3a,b) and lower (Fig. 3d,e) 207 levels of acidity.
208
The mechanical properties of alginate rafts formed in Solution A (pH 1.1) and aged from which was approximated by G0' as well as a critical value of strain, γc, where G' ≈ G'' (see Table   213 3). The limiting storage modulus of the rafts formed and aged in Solution A increased with aging 214 time from 30 min to 2 hr, after which the values decreased in a nonlinear fashion. Interestingly,
215
the critical values of strain for the aged rafts displayed an average value of 2.6% ± 0.8% (95% 216 confidence interval), very similar to the response from the un-aged raft.
217
In a similar manner to the pH study, data from increasing and decreasing strain sweeps 218 was collected for rafts at each aging condition. The hysteresis loops for G' with the 219 corresponding absolute and relative ΔG' values at 1% strain amplitude are displayed in Fig. 5a -e 220 and Table 3 . While hysteresis was observed in all cases, the hysteresis magnitudes were 221 significantly larger for rafts aged from 0.5, 1, and 2 hr (ΔG' = -29%, -26%, and -45%,
222
respectively) compared to rafts aged for 3 and 4 hr (ΔG' = -15% and -16%, respectively). 
Discussion
225
The shear rheometer experiments summarized in Fig. 2 and reduced strength compared to the alginate rafts characterized in this study.
247
While rafts formed in more acidic solutions displayed greater initial elastic strengths (i.e.,
248
G0', the strength at low values of applied strain), rheometry results indicated that these same rafts
249
have significantly reduced values of critical strain, γc, compared to rafts formed in the lower 250 acidity solutions (see Table 2 ). The critical strain (where G' ≈ G'') can be interpreted as the critical magnitude of deformation when the sample transitions from displaying a more elastic- recover from large-strain shear deformation.
292
In addition to solution pH, duration of aging was found to have a strong effect on the 293 mechanical strength of the alginate rafts (Fig. 4) . The greatest increase in strength occurred 294 within 0.5 hr of aging, as there was a three orders of magnitude increase in G0' with an 295 additional 140% increase in strength from 0.5 -2 hr ( 
Overall Conclusions and Implications
306
Alginate rafts were formed in vitro by mixing liquid alginate antacid product 307 (Gaviscon®) with acidic solutions ranging from pH 1.1 -1.7. The shear mechanical response of 308 isolated rafts was investigated by oscillatory strain amplitude sweeps in a shear rheometer to 309 quantify specific rheological parameters related to the overall strength (G0'), durability (γc), and 310 recoverability (ΔG') of the alginate rafts.
311
A trade-off existed between un-aged raft strength and durability while recovery was 312 dependent on durability, solution pH, and age. Rafts formed in the highest acidity solution
313
(Solution A, pH 1.1) yielded the greatest initial elastic strength and the best ability to recover 314 strength after exposure to large-strain deformation. However, these performance increases were 315 partially offset by a corresponding decrease in durability. Rafts formed in the lowest acidity 
323
Rafts formed in stomach conditions of higher acidity (pH 1.1 -1.2) are best suited for 324 applications where sudden impacts are expected, such as due to food and drink ingestion.
325
However, due to the apparent trade-off between raft strength and durability, these rafts will have 326 decreased resiliency to deformation, although strong recovery is possible when deformation is at γ = 1%, ΔG', for alginate rafts formed in Solution A (pH 1.1) and aged for 0.5 -4 hr. 
